INTRODUCTION
There is a widespread assumption that all components of the uteroplacental vascular bed react to stimuli in a similar way. We first questioned the validity of this assumption when X-ray angiographie studies in the rabbit showed that a vasoconstrictor, vasopressin, reduced blood flow to the placenta more severely than to the uterine wall (Carter, Göthlin & Bengtsson, 1968) . Subsequently, Duncan (1969) provided convincing evidence that, during maternal hypoxaemia, maternal placental blood flow is severely reduced whilst myometrial blood flow is virtually unchanged. Both hypoxaemia and vasopressin caused a redistribution of uterine blood flow coincident with a reduction in total flow.
We here report that maternal placental blood flow can be reduced even by a stimulus that increases total uterine blood flow.
MATERIAL AND METHODS
Twenty rabbits were used for this study, of which three were non-pregnant parous animals and the remainder were at known stages of pregnancy from The blood flow in the urogenital artery was estimated from the known rate of injection of contrast medium and the extent to which the medium was diluted in or spilled over from, this vessel (Olin & Redman, 1966; Carter, Göthlin & Olin, 1971 ). The distribution of total uterine blood flow between the uterine wall and the placentae could be assessed at the end of contrast-medium injection by evaluating the opacity of the myometrial and placental vessels, as this is dependent upon the amount of contrast reaching them. A first analysis showed a marked variation in the response of the uteroplacental vascular bed to acetylcholine. There was generally an increase in uterine blood flow and dilatation of the uterine artery and its major branches. In many animals, however, little or none of the injected contrast medium entered the placental vessels (PI. 1, Fig. 4 ). In these rabbits, the larger myometrial vessels were well filled with contrast medium but finer vessels were less well seen. Contrast medium entered the uterine veins earlier and in higher concentration than in the control series (PI. 1, Fig. 4) . In a second group of animals, the contrast medium entered the placentae as usual and it reached the periphery of the placentae faster (PL 2, Fig. 6 ). The veins were seen earlier than in the control series and showed a greater opacity, although the difference was a moderate one.
Most rabbits could be assigned to one or other of the above groups, there being few intermediates. In some animals, however, there were variations in the effect of even the same dose of acetylcholine. These included experiments in which we deliberately varied the delay between the acetylcholine injection and angiography so that the latter would fall before, during or after the myo¬ metrial contraction. A decrease in maternal placental blood flow was seen only when angiography was performed during the contraction. A re-examina¬ tion of the rest of the material confirmed that the variation in the effect of acetylcholine on the placental blood flow was directly dependent upon varia¬ tions in the myometrial response (Text- fig. 2 ; PL 2, Figs 6 and 7).
Although the acetylcholine was given selectively in the urogenital artery, a decrease in blood pressure occurred after a rather short interval (Text- fig. 1 ). If the dose was too high, i.e. 100^g , a large fall in perfusion pressure led to decreased flow in the urogenital artery and a dimunition of vessel calibre.
After previous injection of atropine or butylscopolamine, acetylcholine had no effect upon the uterine blood vessels or upon uterine blood flow. The same Fig. 1 (Ahlquist, 1950; Greiss, Gobble, Anderson & McGuirt, 1967b) . Earlier filling of the veins with contrast medium was also a common feature, suggesting a decrease in circulation time.
Where there was no impairment of placental filling, it seemed that the rate of placental blood flow had increased in proportion to the increase in total uterine flow. The contrast medium traversed the placentae faster, however, and it is therefore doubtful whether the increase in blood flow benefited placen¬ tal exchange. In many placentae, including those of the rabbit, rat, sheep, rhesus monkey and man, there are elaborate vascular arrangements for reducing the velocity of blood flow, which strongly suggests that a slow, even perfusion is most beneficial to placental exchange (Carter, 1973) .
A strong reduction in placental filling was generally associated with a marked increase in intrauterine pressure. The resistance to flow in a vessel is not only influenced by vasomotion : it can be increased due to compression by surround¬ ing tissues (Folkow & Neil, 1971) . It is well known that labour contractions cause a temporary impairment of maternal placental blood flow (Ramsey, Corner & Donner, 1963; Borell, Fernström, Ohlson 8c Wiqvist, 1965) . In the rabbits studied, spontaneous activity rarely caused intrauterine pressure peaks EXPLANATION OF PLATE 2 Fig. 5 . Angiography of the right urogenital artery in a pregnant rabbit, 24 days post coitum (the right horn has shifted to the left side). Late arterial phase. The injection rate (0-24 ml/sec) exceeds the blood flow rate: there is spillover of contrast medium to the internal iliac artery. The appearance of the myometrial vessels and placental sinuses is normal. Fig. 6 . Repeat angiography after 5 /ig acetylcholine, which caused a moderate myometrial contraction with its peak before the start of contrast medium injection (cf. Text-fig. 2 ). The rate of blood flow is now greater than the injection rate (0-25 ml/sec) : there is admixture of blood and contrast medium in the urogenital artery. The uterine artery has widened by about 40%. Filling of the myometrial vessels and placental sinuses with contrast medium has increased. -fig. 2 ). The myometrial vessels are well filled but there is poorer filling of the placental sinuses than in earlier series.
in excess of 5 mm Hg, whereas the response to acetylcholine frequently exceeded 10 mm Hg. Faced with a massive increase in resistance to flow through the placentae, the contrast medium apparently took an alternative route. A great deal seems to have passed to the major vessels in the uterine wall, which were clearly seen (cf. PI. 2, Fig. 7) , and it also appeared rapidly in the uterine veins. The high density of contrast medium in the veins can mainly be ascribed to the impaired placental circulation. Usually, contrast medium leaving the myome¬ trium is diluted by blood leaving the placentae, as the placental circulation time is considerably longer than the myometrial circulation time (Carter, Göthlin & Olin, 1971) .
The morphological prerequisites for a redistribution of blood flow from the placentae to the uterine wall exist, as the arteries supplying the two areas anastomose freely (Carter, Göthlin & Olin, 1971 ). It may not be immediately apparent, however, why resistance to flow increases more in the non-contractile placentae than in the contracting uterine wall. Two factors must be borne in mind : firstly, there must be a pressure gradient from the uterine lumen to the serosa, comparable to that in a strongly contracting artery (Burton, 1962) ; secondly, the larger vessels in the uterine wall are rather superficial (Chipman, 1902) , and therefore at the lower end of the gradient, whereas the placentae and our recording catheter were in the uterine lumen. The smaller vessels feeding the inner portion of the myometrium and the endometrium may well be closed when the uterus contracts so that the increase in blood flow to the uterine wall should not be equated with an increase in nutritive flow. A parallel may be drawn with the distended colon, in which serosal flow persists but mucosal flow is impaired (Dencker, Lingârdh, Muth & Olin, 1969) .
In addition to a redirection of blood through the uterine wall, opening of arteriovenous short circuits may enable blood to bypass the uterus completely.
This would also lead to earlier appearance of undiluted contrast medium in the veins. There is fairly strong evidence that short circuits exist (Carter, Göthlin & Olin, 1971) and they may well be opened by acetylcholine. The uterine venous system is extremely extensive in the rabbit, accounting for about one-sixth of the total blood volume (Barcroft & Rothschild, 1932) . If these vessels dilate to even a minor extent, there should be a considerable reduction in venous return. This might explain the prompt fall in blood pressure which occurred at selective injection of acetylcholine in the urogenital artery.
Some X-ray contrast media inhibit a variety of enzymes, including acetylcholinesterase (Lasser & Lang, 1966) . The degree of inhibition is least for the less hydrophobic compounds such as diatrizoate (Lang & Lasser, 1971) . The contrast medium used in this study was metrizoate, which closely resembles the latter substance in its molecular structure, and therefore is unlikely to have potentiated the action of endogenous or exogenous acetylcholine.
The uterine vasculature and myometrium both exhibited responses to acetyl¬ choline that could be inhibited by atropine or butylscopolamine. It does not, however, follow that they receive a cholinergic innervation. Parasympathetic nerve stimulation elicits a myometrial contraction not unlike that evoked by parasympathomimetics, but this response is resistant to blockade by atropine (Cushny, 1906) . A similar atropine resistance occurs in the bladder and recent studies of this organ suggest that most of the receptors stimulated by acetyl¬ choline play no part in parasympathetic nervous transmission, which seems to be mediated by some other substance (Ambache & Zar, 1970; Dumsday, 1971) . It is a reasonable assumption that a similar situation exists in the myometrium.
There is convincing evidence that the uterine vasculature of the sheep lacks cholinergic innervation, either sympathetic or parasympathetic, although it dilates in response to acetylcholine and is constricted by atropine (Greiss & Gobble, 1967; Greiss, Gobble, Anderson & McGuirt, 1967a, b) . Histochemical observations are in accordance with these findings. Although nerves staining for acetylcholinesterase are associated with the main uterine arteries of several species, they are absent in the sheep, as well as in the cat, rat, cow and rabbit (Bell, 1971) . Thus, the uterine vascular response to acetylcholine in the rabbit must depend upon the stimulation of receptors unassociated with nervous transmission.
Constriction of the uterine arteries of the guinea-pig in response to atropine has been cited as evidence for an active cholinergic dilatation of these vessels during pregnancy (Bell & Brown, 1971 Greiss et al. (1967a) that the uterine vasoconstriction evoked by atropine in sheep is due to a general imbalance of the autonomie nervous system, with sympathetic overactivity. A similar explanation could be offered for the rabbit and cannot be precluded in the guinea-pig.
The idea that uterine contractions may affect placental blood flow is by no means new (Robson & Schild, 1938) . Hitherto, however, most evidence for this view has been provided by experiments where total uterine blood flow was reduced. We are not aware of any previous report of a reduction in placental blood flow accompanied by an increase in total uterine blood flow. The only techniques that can reveal information of this type are angiography and, possibly, isotope-labelled microsphere methods. It may thus be difficult to demonstrate whether acetylcholine has a detrimental effect on maternal placen¬ tal circulation in man. It is, however, established that prolonged infusion of acetylcholine can increase the frequency and amplitude of uterine contractions in pregnant women (Sala 8c Fisch, 1965) .
